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Side face excited microstructured fibers for photonic integrated circuits formations
Igor V. Guryev,∗ Igor A. Sukhoivanov, J.-A. Andrade Lucio, and E. Alvarado-Mendez
DICIS, Universidad de GTo, Salamanca, Mexico
In the paper, we propose the new technology for mass production of the photonic crystal devices
and all-optical integrated circuits. We carry out the brief analysis of positive and negative sides
paying attention to recent advances in silicon fibers fabrication which is crucial moment in the
proposed technology.
INTRODUCTION
Nowadays, one of the most important challenges con-
cern mass production of the photonic crystal (PhC) de-
vices. At the moment, there are several kinds of the PhC
devices available for mass production. Among them there
are the artificial opals [1, 2] including inverted opals [3]
and the PhC fibers [4]. However, the artificial opals are
strictly periodical 3D PhCs with no possibility of the
controllable defect introduction and, therefore, cannot
be used for the mass production of the PhC devices. On
the other hand, the technologies which provides fabrica-
tion of the integrated photonic circuits such as electronic
beam lithography, are too slow and expensive so they
cannot be used for mass production of the devices.
The technology of the PhC fibers though allows pro-
duction of the PhC fibers with extremely high accuracy
and with any profile the developers can imagine. Such
an advantage is proved by dozens of years of production
of the convenient fibers for telecommunications.
Therefore, the main idea of this paper consists in pro-
viding the possibility of the mass production by taking
advantage of the PCF technology. Usually, the PCF is
used by guiding the light which travels along the fiber as
shown in the left part of the figure 1. However, it is also
possible to use the fiber in a different manner by irra-
diating it from the side face. In this case, a single fiber
with special refractive index profile can be splitted into
many pieces. Each piece can be integrated into photonic
scheme or can be used as a single photonic scheme (see
the right part of the figure 1).
FIG. 1: Side-excited PCF as a part of the photonic integrated
circuit
JUSTIFICATION
The proposed idea, however, requires several modifi-
cations to be done to the PCF fabrication technological
process to provide the new way of using the PCF. The
most important modification concerns the refractive in-
dex of the material the fiber is made of. In case of tra-
ditional use, the refractive index contrast in the PCF is
enough to provide the light localization inside the defect.
However, attempts to observe the light localization when
irradiating the fiber from the side face are doomed. Be-
cause of the low refractive index contrast, the ptotonic
band gap cannot be observed in any kind of 2D photonic
crystal which is illustrated in the figure 2(a). Actually
the in-plane band structure of the PhC confining the light
within the PCF core is very close to the one of the free
space and contains only tiny partial band gaps which are
able to provide the effect of light diffraction but not the
localization. The PBG was found when computing the
orthogonalized band structure of the PhC waveguide cre-
ated in such a PhC (see the figure 2(b)). However, even
though this can provide the light guiding effect, the low
refractive index contrast does not allow to create more
complex elements for the information processing.
The properties of such a PhC can be greatly improved
by increasing the refractive index. Recently, the techno-
logical process of the PCF production was dramatically
improved. Moreover, there have been made simple step-
index fibers of silicon [5] (see the photo in figure 3) which
refractive index is more than 3 and, therefore, provides
high refractive-index contrast.
Now, the technological process allows production of
the step-index silicon fibers with submicron core radius
[6]. This experience can be used to produce silicon PCFs
with the structure of arbitrary complexity and, therefore,
provide the possibility for mass-production of the PhC
planar devices.
PRELIMINARY ANALYSIS OF THE
TECHNOLOGY EFFICIENCY
As a new technology, the proposed way of the PhC
devices production possesses both advantages and disad-
vantages. The most important advantages are the fol-
lowing:
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FIG. 2: Band structure (a) of the PCF considered as in-plane
PhC and the dispersion characteristic (b) of the waveguide in
such a PhC
• Providing the ability of mass production. This
advantage makes the proposed technology more
preferable than well-known etching and lithography
techniques. Moreover, it provides high repeatabil-
ity since within the existing PCF production tech-
nology the PhC possesses the same refractive index
profile along all the PCF.
• Providing the new possibilities for the PhC ele-
ments refractive index profile. For instance, with
PCF production technique it is possible to create
the gradient profile of a single element by apply-
ing the gradient fibers technologies at pre-forming
stage. Such a complex profile is impossible to cre-
ate with existing PhC production technology.
• The nonlinear materials can be introduced into the
PhC elements at pre-forming stage as well as after
the fiber formation process is complete.
• Guiding properties of the fiber itself can be used
to provide the pumping of the active regions of the
FIG. 3: The cross-section of the silicon fiber presented in the
[5]
PhC. This may be accomplished by introducing the
light along the PhC elements as it is made in regular
fibers.
• Finally, the PCF technology may provide the pro-
duction of the all-optical PhC-based circuits of an
arbitrary complexity. With this, the whole scheme
may be created within the profile of a single PCF.
On the other hand, the scheme can be composed of
several modules of lower complexity and connected
by planar optical waveguides in a single substrate.
However, together with all the advantages, there are
several limitation of the new technology such as:
• The silicon fiber production involves new sides
of the technological process which, at this mo-
ment, limits the quality of the silicon fibers. The
most negative effects involve interfaces irregulari-
ties which leads to high losses.
• If the scheme consists of several modules produced
by the PCF technology, they need to be connected
by planar optical waveguides. However, as is shown
in figure 1, the PhC scheme is surrounded by the
circular coating. This coating causes big problems
when trying to agree the scheme with planar waveg-
uides. The problem can be solved by polishing the
faces or by introducing the micro-lenses for the ra-
diation focusing at the waveguides input. However,
this still involves additional precise step and in-
creases the complexity of the whole technology.
• The other problem involving the additional step is
vertical confinement. After the fiber is sliced into
similar pieces, the only factor providing the verti-
cal confinement is the total internal reflection from
the cleaves. However, this situation is unaccept-
able since vertical dimensions of the fiber slices are
much larger than the operating wavelength which
3will cause additional losses. Possible solutions of
this problem is to use fiber tapering, UV fiber de-
position or selective oxygenation. By solving the
problem, this also introduces additional steps into
the process, thus, increasing the price.
CONCLUSION
In the work, we proposed the new way for the mass
production of the PhC devices and integrated scheme.
We have briefly described the most important positive
and negative sides of the technology as well as have given
some ways for the problems solutions which may occur.
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